This paper considers an economy in which the environment plays a role both in welfare and production. An endogenous growth model, which allows for abatement activities, is formulated in order to study the impact of pollution on welfare and long-term growth. Conditions for optimal and balanced economic growth are discussed and a numerical example is given to provide some insight in the mechanisms at work in the model.
Introduction
The growing concern for the environment in the last decades has placed the trade-off between economic growth and environmental quality, both at the global and at the national level, in the centre of the economic policy debate. It has made a full integration of the environment into economic welfare theory very urgent. In this paper various aspects of the environment are investigated, using a simple Ramsey type model of endogenous economic growth. The integration of the environment into models of this type is hampered by the fact that the environment has so many dimensions, both in space and in time, and that the environment can only be built into the growth model in a highly aggregated and abstract manner so that the model does not become too complicated. This need for aggregation poses problems of interpretation when we are to translate real world environmental phenomena into these models. In this respect the present paper focuses on the following economic aspects of the environment:
1. Environmental quality as a production factor; i.e., the non-extractive use of the environment in production; 2. Environmental services as a production factor; i.e., the extractive use of the environment in production; 3. Environmental quality as an (additional) indicator of economic welfare, which implies inclusion of environmental quality as an argument in the welfare function;
Environmental and Resource Economics 6: 341-358, 1995. The aim of the paper is to integrate these aspects of the environment into a model of endogenous economic growth and to clarify the mechanisms at work which are relevant for an empirical analysis of the trade-off between economic growth and environmental quality. This analysis is instrumental to the integration of the environment in empirical macroeconomic policy models, as it may indicate which mechanisms are relevant to be modelled, and which empirical knowledge is needed for the design of such models.
In economic policy analysis models of economic growth are used to calculate the conditions for balanced (or 'steady state') economic growth. If a social welfare function has been specified the 'optimal' balanced growth path can be calculated, i.e., the balanced growth path which yields the largest amount of welfare discounted over an infinite horizon. Balanced (and optimal) economic growth is often associated with sustainable development. Section 2 surveys this relationship between the concept of sustainable development and models of economic growth. Section 3 specifies the model of this paper and discusses the conditions for balanced and optimal economic growth. Since the analytical solution of the model is too complicated to provide enough insight for practical policy analysis, section 4 gives an interpretation of the mechanisms at work in the model using a numerical example. Section 5 concludes.
Sustainable Development
As mentioned in the introduction the concept of sustainable development plays a central role in policy discussions on the relationship between environmental quality and economic development. With sustainable development one refers to ecologically sustainable development, which means maintaining the natural (i.e., ecological) basis of economic development. According to the Brundlandtreport (World Commission on Environment and Development, 1987) , 'Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs'. In order to be able to analyse the conditions under which sustainable development is possible, the interactions between the environment and the economy have to be modelled. On the one hand the environment influences production possibilities and welfare, while on the other hand production diminishes the quality and quantity of environmental resources, by the use of resources and through pollution. A continuously decreasing quality and quantity of natural resources cannot support growing or even constant levels of physical economic output in the distant future.
In the seventies and eighties the impact of pollution, which arises as an inevitable side-product of economic activity, was studied within the context
